Summary. The response of serum immunoreactive gastric inhibitory polypeptide (IR-GIP) and immunoreactive insulin (IRI) to a liquid mixed test meal, glucose or fat has been examined in obese subjects before and after starvation or reduced caloric intake (800 calories). Basal serum levels of IR-GIP increased significantly during starvation of obese persons and remained elevated over the whole starvation period while basal serum IRI levels decreased. The exaggerated IR-GIP response of obese subjects with normal or pathological glucose tolerance to a test meal and of obese subjects with glucose intolerance to 100 g glucose ingestion decreased significantly after starvation or food restriction. Simultaneously, the serum IRI response decreased. The exaggerated IR-GIP response of obese subjects to oral triglycerides which did not affect serum IRI or glucose levels was also significantly decreased after food restriction. The IR-GIP response of obese subjects to a test meal was already reduced after 5 days of food restriction together with an improved glucose tolerance. At this stage the IRI response was unchanged. After weight reduction in obese subjects there was a significant decrease of the IRI response to oral but not to intravenous glucose, while the glucose response decreased irrespectively of the mode of glucose administration. The IR-GIP response decreased only after oral glucose. The data are compatible with the hypothesis that the exaggerated IR-GIP response of obese subjects to oral glucose or fat load is secondary to the increased food intake and that changes in IRI response to oral glucose are related to changes in IR-GIP response.
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An exaggerated response of GIP has been observed in obese subjects following ingestion of a test meal, glucose, or fat [13] . From this has been concluded that an overactive entero-insular axis participates in the hyperinsulinaemia of obesity. The aim of the present study was to examine whether the increased GIP release of obesity is reversed by starvation or reduced caloric intake and whether this reversal is accompanied by a decrease of serum insulin levels. Some of the results have been presented previously in a preliminary form [14] .
Materials and Methods

a) Subjects
The studies were carried out on 147 obese subjects (42 male, 105 female). Informed consent was obtained from all subjects. The pertinent clinical characteristics of each group are shown in Table 1 . All subjects studied exceeded 130% ideal body weight [16] before onset of the study. The subjects were divided into two groups according to the glucose response to the test meal or to a 100 g glucose load. Subjects with normal oral glucose tolerance (nOGT) had a 60 plus 120 min sum of blood glucose levels below 290 mg/100 ml, subjects with pathological glucose tolerance (pOGT) a sum of above 0012-186X/78/0014/0379/$01.80 Table 1 . Clinical data of the subjects studied (mean +-SEM). nOGT = normal oral glucose tolerance; pOGT = pathological oral glucose tolerance 310 mg/100 ml [15] . The correlation coefficient of the glucose response between 100 g glucose load and the test meal in 36 subjects was r = 0.8036. Subjects with fasting blood glucose levels above 130mg/ 100 ml were omitted from this study. Except for 12 patients, the obese subjects were hospitalised for weight reduction and the tests performed under clinical observations. Before starvation or decreased caloric intake all subjects studied had been on an unrestricted diet, containing over 200 g carbohydrate per day. [17] . After taking basal samples, 550 ml of this mixed formula was ingested within 10 min. Blood samples obtained were immediately placed on ice and centrifuged at 4 ~ C. Five aliquots of each serum sample were frozen and stored at -20 ~ C until assayed. After this test the 50 obese subjects underwent total caloric restriction for 21 days. They were asked to drink 2000-3000 ml fluid daily in the form of mineral water and not to change their physical activity. Mean weight loss after 3 weeks starvation was 10.8 + 1.9 kg. At this stage only 6 patients had reached their ideal body weight, the majority being still grossly obese. The patients were refed with increasing amounts of calories for 3 days (200, 800, 1400 Cal.). The test meal study was repeated after an overnight fast on the 4th day.
Oral Glucose Load before and after Starvation."
Nineteen obese subjects with glucose intolerance ingested 100 g glucose, dissolved in 300 ml water, before and after starvation. The other test conditions were as described in protocol 1, except that blood samples were obtained for only 240 rain after ingestion of glucose. Mean weight reduction was 11.6 + 1.5 kg. No subjects reached the ideal body weight.
Test Meal before and after Food Restriction:
After a test meal study as described in protocol 1 33 obese subjects were placed on a hypocaloric diet for 21 days. This diet containd 800 Cal. per day (42% carbohydrate, 16% protein, 42% fat). Before the second test the obese subjects received an 1800 Cal. diet for 4 days. Mean weight loss in this group was 8.3 -+ 1.4 kg.
Oral Triglycerides before and after Food Restriction:
Seventeen obese subjects ingested 150 ml of a suspension of corn oil (Lipomul (R~, Upjohn Company, Kalamazoo), corresponding to 100 g triglycerides before and after a hypocaloric diet for 21 days as described in protocol 3. Mean weight loss was 7.5 + 1.0 kg.
Test Meal before and following Food Restriction and Subsequent Starvation:
Fourteen obese subjects with glucose intolerance were placed on a hypocaloric diet (800 Cal.) for 5 days followed by a period of total caloric restriction for 21 days. The test meal was given before and immediately after the period of hypocaloric diet and at the end of the starvation period. The patients lost 2.4 ___ 0.4 kg during caloric restriction and 12.7 _+_ 2.1 kg during starvation.
Comparison of Oral and Intravenous Glucose
Load before and after Food Restriction: In 9 grossly obese subjects (mean overweight +67.4% ideal body weight) with glucose intolerance, both an oral and an intravenous glucose load were performed in randomized sequence before and after 14 days of an 800 Cal. diet. The subjects ingested 100 g glucose or received intravenously 1.1 g/kg body weight glucose over 90 min. Mean weight loss was 5.2 + 0.7 kg. The tests were repeated after a further week of unrestricted food intake. During this week the weight of the test subjects did not change by more than 1.2 + 0.5 kg. Blood sample during both tests were obtained over a period of 180 min after the glucose load.
c) Chemical Analyses
Serum glucose was measured in duplicate on each sample by the glucose oxidase method immediately after separating the serum. Immunoreactive insulin (IRI) and immunoreactive GIP (IR-GIP) were determined in duplicate on each sample within four weeks after the test. Serum IRI was measured using human insulin as standard [18] . Serum IR-GIP was measured by the method of Kuzio et al. [19] using GIP antibody VAN No. 8. Some minor modifications were introduced in order to obtain better reproducibility and to improve the sensitivity [17, 13] . The GIP antiserum used in this study did not crossreact with glucagon, secretin, CCK, gut glucagon I and gastrin. Porcine GIP was used as standard. The lower limit of sensitivity varied from assay to assay ranging from 3 pg to 12.5 pg. Since final serum dilution in our assays is 1 : 10, the actual sensitivity for practical determination varies from 30 to 125 pg/ml of serum. The interassay coefficient of variation was 13.4% and the intra-assay one 8.3% (mean of 152 assays). According to unpublished investigations our assay measures big and little IR-GIP. Using Sephadex G-50 fine columns (1 • 200 cm) alcoholic serum extracts could be separated into one peak at 7500-8500 molecular weight ("big" GIP) and a second peak at 5000 molecular weight ("little" GIP). One hour after a glucose and also a fat load about one third of the IR-GIP appeared as "big" and two thirds as "little" IR-GIP.
d) Statistical Analysis
All values given in the text and in Table 2 and 3 are presented as means + standard deviation (SD). Results were analyzed using standard statistical methods. The two-tailed paired Student's "t"-test was employed for comparison of the results before and after starvation or reduced caloric intake, respec- tively. Integrated responses to the test meal and the glucose or fat load for serum glucose, IRI, and IR-GIP were calculated from summation of the products of the mean serum concentrations during each time period, multiplied by the number of minutes in the time period minus the product of the basal value multiplied by the total number of minutes after a test [20] . 2::/~ 9 9 9 , ~ ,\ \~
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.01 I Increase of serum levels of IR-GIP, IRI and glucose in 50 obese subjects before (o o) and after (. e) starvation for 21 days and refeeding for three days. The subjects ingested a mixed liquid test meal at 0 min. All values are mean + SEM. Significant differences between the serum levels before and after starvation are indicated (* = p < 0.02 and less)
Results
Basal Levels before and after Weight Reduction and during Starvation
The basal serum levels of IR-GIP increased during starvation of obese subjects. This increase reached significance after two days. The GIP levels remained elevated over the whole starvation period of 21 days (Fig. 1) . Simultaneously, serum IRI levels decreased. This decrease was significant from the second until the 21st day starvation (Fig. 1) .
After starvation for 3 weeks and refeeding for 3 days the fasting levels of IR-GIP were still significantly higher and the fasting IRI levels lower than before starvation (Table 2) . Also after food restriction (800 cal.) in obese subjects for 3 weeks fasting IR-GIP levels increased and IRI levels decreased (Table 2 ). However the changes in this group were significant only for the serum IRI levels. (Fig. 2, Table 3 )
Response to a Mixed Test Meal before and after Starvation
As illustrated in Figure 2 the exaggerated response of IR-GIP and IRI of the 50 obese patients became much smaller after starvation for 21 days and 3 days refeeding. The difference between the IR-GIP curves before and after starvation became significant after Table 2 . Fasting serum levels of IR-GIP, IRI and glucose of obese subjects before and after starvation or food restriction (mean _+ SD). nOGT = normal oral glucose tolerance; pOGT = pathological oral glucose tolerance IR-GIP (pg/ml) IRI ~U/ml) Glucose (rag/100 ml) Table 3 . Integrated responses (180 min) of serum levels of IR-GIP, IRI and glucose in obese subjects before and after starvation or food restriction. For clinical data see Table 1 (mean -+ SD) nOGT = normal oral glucose tolerance; pOGT = pathological oral glucose tolerance n IR-GIP IRI Glucose (ng/ml. 180 min) (mU/ml. 180 min) (g/100 ml. 180 min) .) starvation for 21 days and refeeding for three days. The subjects ingested 100 g glucose at 0 min. All values are means + SEM. Significant differences between the serum levels before and after starvation are indicated (* = p < 0.02 and less) 30 min and remained so until the end of the test. The IRI increase occurred later than the IR-GIP increase. The difference between the two IRI curves was most marked between 90 and 240 min.
The glucose response was not different in the whole obese group before and after starvation (Fig. 2) . However, this pattern changed when the obese patients were divided into subjects with nOGT and pOGT ( Table 3 ). The glucose tolerance of the patients with nOGT deteriorated after starvation as demonstrated by a significantly larger integrated glucose response while the integrated glucose response of the obese patients with glucose intolerance tended to improve after starvation.
The integrated serum levels of IR-GIP and IRI were significantly smaller after starvation, both in obese subjects with nOGT and pOGT (Table 3) . (Fig. 3, Table 3 )
Response to an Oral Glucose Load before and after Starvation
The IR-GIP and IRI response to 100 g glucose ingestion was significantly smaller than to the test meal while the glucose response was similar (Fig. 3) . Again, the IR-GIP response preceded the IRI increase.
After starvation the response of IR-GIP and glucose was significantly smaller during the first two hours after the glucose load. The pre-and post-starvation IRI levels were significantly different until the end of the test (4 hours).
The integrated serum levels of IR-GIP, IRI and glucose were significantly smaller after starvation (Table 3 ). (Table 3) After food restriction for 21 days the augmented IR-GIP release to a test meal of the obese subjects was significantly diminished. Simultaneously, the IRI response was smaller and the initial IRI peak occurred significantly earlier than before food restriction. Also the glucose tolerance was significantly improved.
Effect of Food Restriction on the Response to the Test Meal
The integrated response of IR-GIP and IRI was significantly smaller after food restriction. However, the values did not reach the post-starvation range ( Table 3 ). The decrease of the integrated glucose response was not significant because the fasting glucose levels were also significantly lower after food restriction. (Table 3) The exaggerated response of IR-GIP to triglyceride ingestion in obesity was decreased significantly by a 3 week period of reduced caloric intake ( Table 3) . The integrated serum levels of IRI and glucose remained unchanged during fat ingestion before and after the hypocaloric diet. (Table 3) In order to separate the effect of weight loss and food restriction a group of 14 obese subjects with pOGT reduced their caloric intake for 5 days, followed by complete starvation for 21 days. After 5 days of food Fig. 4 . Increase of serum levels of IR-GIP, IRI and glucose in 9 obese subjects with glucose intolerance following ingestion of 100 g glucose or intravenous infusion of 1.1 g/kg body weight of glucose over 90 min. The tests were repeated after reduced caloric intake for 14 days and one week unrestricted diet. All values are means _+ SEM. Significant differences between the serum levels before and after weight reduction of 5.2 _+ 0.7 kg (* = p < 0.02 and less) are indicated, o o = before, 9 9 = after weight reduction 385 body weight over 90 min.) glucose load were compared before and after 14 days of restricted food intake in 9 obese subjects with glucose intolerance. The weight loss at the time of the second test was 5.9 + 0.5 kg. The IR-GIP response after oral glucose was significantly decreased after food restriction. After intravenous glucose the IR-GIP levels did not change (Fig. 4) .
Response to an Oral Triglyceride Load before and after Food Restriction
Effect of Food Restriction and Subsequent Starvation on the Response to the Test Meal
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The IRI response after oral glucose load was significantly smaller after food restriction while the IRI response to intravenous glucose did not differ between the tests before and after weight reduction. Only at the end of the experiment (180 rain) the IRI levels were significantly lower during the second test (Fig. 4) . The glucose increase after oral and intravenous glucose load was smaller after weight reduction.
The integrated responses are listed in Table 3 . The integrated IR-GIP and IRI responses to oral glucose load were significantly smaller after 5.9 _+ 0.5 kg weight reduction while the responses to intravenous glucose remained unchanged.
The integrated glucose responses were significantly smaller after food restriction both to the oral and the intravenous glucose load.
It is noteworthy that the integrated IRI response to oral glucose load of obese subjects after food restriction decreased into the range of normal weight persons (6.4 + 0.8 mU/ml.180 min.) without complete normalisation of the glucose tolerance while the exaggerated IRI response of the same subjects to IV glucose infusion did not change after food restriction i.e. remained four times higher than in normal controls (3.0 _+ 0.4 mU/ml.180min.) Discussion restriction the integrated IR-GIP response was already significantly smaller and decreased further after the starvation period ( Table 3 ). The integrated IRI levels did not significantly change after the short period of food restriction but did so after subsequent starvation.
In contrast, the glucose tolerance was already significantly improved after 5 days of food restriction but deteriorated again after starvation (Table 3) . (Fig. 4, Table 3 )
Comparison of Oral and Intravenous Glucose Load before and after Food Restriction
The IR-GIP, IRI and glucose responses to an oral (100 g glucose) and intravenous (1.1 g glucose/kg
Increase of Basal IR-GIP Levels During Starvation
The increase of basal IR-GIP levels during starvation to levels close to the very high fasting levels of untreated juvenile diabetics [27] could be explained by the simultaneous fall of serum IRI levels and would suggest a feedback control between GIP and insulin in the fasting state. However, after food restriction for three weeks which also lead to weight reduction and an identical decrease of serum IRI levels the fasting GIP levels did not increase significantly. Therefore, the IR-GIP increase during starvation remains unexplained. A stimulatory effect of ketone bodies on the GIP producing cells is possible because ketone bodies are elevated during total starvation (but not food restriction) as well as in untreated juvenile diabetics.
Reversal of the Exaggerated IR-GIP Response in Obese Subjects
The exaggerated IR-GIP response of obese subjects to oral ingestion of a test meal, glucose or fat [13] can be reversed by dietary means. Simultaneously, the exaggerated IRI response of obese subjects is reduced.
A decrease of the IRI response to glucose load after weight reduction of obese subjects [1, 2, 3] and the development of hyperinsulinaemia by overeating in normal weight persons [5, 6] are well established. However, the mechanism involved is not yet understood. An overactive entero-insular axis has been suggested to participate in the hyperinsulinaemia of obesity [13] . The reversal of both, the IR-GIP and IRI responses after reduction of food intake shown in this study supports this contention.
Total starvation for 3 weeks with refeeding for three days had nearly the same effect as 3 weeks food restriction. Already food restriction for 5 days leading to a weight reduction of only 2.4 kg, significantly changed the exaggerated GIP response. Therefore, partial mucosal atrophy as described after total starvation cannot be responsible for this effect.
After 3 weeks starvation or food restriction no correlation existed between the remaining overweight and the degree of normalisation of the GIP response. Two explanations for this may be discussed.
A negative feedback control between serum IRI levels and GIP secretion has been suggested [7, 8, 10] . Evidence has been presented that this feedback control of GIP release by insulin is defective in obesity [13] . Since food restriction improves the insulin action and decreases the wellknown insulin resistance of obesity [4] , it is conceivable that the inhibitory effect of insulin on the GIP producing cells is restored after reduced caloric intake.
However, this would not explain that the augmented IR-GIP response to oral fat is also reversed by food reduction because fat does not release insulin. It appears that the food restriction as such is critical for GIP secretion. Obviously, the GIP cells of the gut rapidly adapt to the quantity of the incoming load. Nothing is known about the mechanism of this adaptation of the GIP cells to dietary changes. A decrease in the number of GIP producing cells is unlikely, since the augmented IR-GIP response is reversed by caloric restriction in a few days. It has been concluded that the release of GIP is triggered by the process of absorption [17] . Dietary changes have been shown to produce adaptive responses in the activities of jejunal carbohydratemetabolising enzymes [21] . However, in this study B. WiUms et al.: GIP in Obesity after Weight Reduction the percentage of calories derived from carbohydrates was unchanged during the period of hypocaloric diet. Only the total amount of food intake, i.e. the load had been altered.
Changes in 1171 Response and Glucose Tolerance after Food Restriction
It has been suggested that excessive nutrient ingestion promotes islet cell hyperplasia and hyperinsulinaemia and induces compensatory peripheral insulin resistance in obesity [22] . Evidence has been provided that the stimulatory effect of food is mediated via an exaggerated GIP secretion [13] . In accordance with this the increased IRI response of the obese subjects is normalised after food restriction in all instances in which the IR-GIP response to the test meal or to glucose load returned to normal independent of the amount of weight reduction. If the IR-GIP response was only reduced but not normalised as after 5 days food restriction (protocol 5) the IRI release remained abnormal (Table 3) . Another exception was the unchanged IRI release after triglycerides (protocol 4). In this experiment only the GIP response significantly improved while an IRI and glucose increase occurred neither before nor after food restriction.
The dependence of the reduced IRI response from the change in IR-GIP increase is best illustrated by the different IRI response to oral and IV glucose load after food restriction in obese subjects (protocol 6): While the IR-GIP and IRI response after oral glucose load became normal the IRI response to IV glucose was not significantly changed by weight reduction. This is understandable, because no IR-GIP release occurs after IV glucose injection before or after food restriction. Thus, the IRI response to IV glucose indicates that the secretory capacity of the Bcells is not changed by 2 weeks food restriction while the IRI response to oral glucose load is dependent on the release of intestinal factors such as GIP.
Taking together the experimental proof that IR-GIP is a glucose dependent insulinotropic hormone [7, 9, 11, 12] with the present observations it is reasonable to link IR-GIP and IRI release together. However this apparent association is not necessarily a causal one. The missing correlation between IR-GIP and IRI before and after food restriction is due to the complexity of the system which makes analysis difficult. The net effect of the IR-GIP and IRI release is the result of at least the following factors: quantity and quality of the oral load, integrity of feedback control, amount and integrity of islet tissue (hyperplastic as described in obesity [23] or hypo-plastic as found in diabetes mellitus [28] ), dietary regime before the test, glucose tolerance.
The changes in the glucose tolerance after starvation or food restriction did not closely follow the changes in the IRI response. However, these discrepancies depend mainly on the individual glucose tolerance before the experiment. It is well established that following starvation the glucose tolerance of obese subjects with normal glucose tolerance deteriorates while in obesity with glucose intolerance the glucose tolerance improves or becomes normal [24, 25,261. It is concluded that the hypersecretion of GIP of obese subjects is reversed by fasting or food restriction and that this effect is accompanied by a decreased insulin response. This finding could support the view that GIP is important in the pathogenesis of the hyperinsulinaemia in obesity.
